Synthesis of 5-carboxy fluorescein (2)
This compound was synthesized according to reference S3.
Synthesis of compound 3
To a solution of compound 2 (147 mg, 0.391 mmol) in anhydrous DMF (3.0 mL), compound 1 (167 mg, 0.782 mmol), O- (7-azabenzotriazol-1-yl)-N,N,N',N'-tetramethyluronium hexafluorophosphate (HATU, 163 mg, 0.430 mmol) and N,N-diisopropylethylamine (252 mg, 340 L, 1.95 mmol) were added. The mixture was stirred at 40°C for 1 h. The product was collected by filtration, and then washed with 1 N HCl aq. and H2O. The resulting residue was dissolved in trifluoroacetic acid (TFA) (3.0 mL) and the solution was stirred at room temperature for 1 h. TFA was evaporated off, and the resulting residue was purified by HPLC (eluent, a 25-min linear gradient, from 25% to 70% eluent B; flow rate, 5.0 ml/min; eluent A (H2O containing 0.1% TFA) and eluent B (CH3CN with 20% H2O containing 0.1% TFA)) to afford compound 3 (63.0 mg, 0.133 mmol, 34% yield) as a yellow solid. 2, 29.7, 47.5, 48.6, 102.2, 109.0, 112.6, 123.2, 124.1, 126.4, 129.0, 134.7, 136.3, 151.8, 154.6, 157.9, 158.2, 159.6, 163.9, 168.1 ; HRMS (ESI + ): Calcd for [M+H] + , 473.1713 + , 473. , Found, 473.1686 .
Synthesis of compound 4 S7
This compound was synthesized according to reference S4
Synthesis of compound 5
To a solution of compound 4 (2.28 g, 10.0 mmol) in CH2Cl2 (50 mL), pyridine (7.90 g, 8.1 mL, 100 mmol) was slowly added at 0°C. The mixture was stirred at 0°C for 10 min, then trifluoromethanesulfonic anhydride (8.46 g, 5.0 mL, 30.0 mmol) was slowly added at 0°C. The mixture was warmed to room temperature, then stirred for 12 h, and H2O was added to it. The organic layer was washed with H2O, 1 N HCl aq. and brine, dried over Na2SO4 and evaporated to dryness. The resulting residue was recrystallized from CH2Cl2/hexane to afford compound 5 (4.60 g, 9. 35 mmol, 94% yield) as a colorless solid. 4, 113.9, 117.1, 118.2, 120.3, 121.4, 123.5, 129.6, 153.4, 156.6, 174.5 .
Synthesis of 3,6-bis(diethylamino)xanthone (6)
To a solution of compound 5 (880 mg, 1.80 mmol) in DMSO (5.0 mL), diethylamine (1.31 g, 1.9 mL, 18.0 mmol) was added. The mixture was stirred at 90°C for 11 h, then cooled to room temperature, and H2O was added to it. The mixture was extracted with CH2Cl2. The organic layer was washed with brine, dried over Na2SO4 and evaporated to dryness. The resulting residue was purified by column chromatography (silica gel, 1% MeOH/CH2Cl2) to afford compound 6 (356 mg, 1.05 mmol, 59% yield) as a yellowish solid. 1 H NMR (400 MHz, CDCl3): δ 1.22 (12H, t, J = 7.1 Hz), 3.43 (8H, q, J = 7.1 Hz), 6.44 (2H, d, J = 2.4 Hz), 6.63 (2H, dd, J = 9.3, 2.4 Hz), 8.09 (2H, d, J = 9.3 Hz); 13 C NMR (100 MHz, CDCl3): δ 12. 5, 44.6, 96.3, 108.5, 111.5, 127.7, 152.0, 158.4, 174.7 ; HRMS (ESI + ): Calcd for [M+H] + , 339.2073 + , 339. , Found, 339.2028 .
S8

Synthesis of 4-bromo-3-chlorosulfonylbenzoic acid (7)
To 4-bromobenzoic acid (6.01 g, 29.8 mmol), chlorosulfonic acid (15 mL) was slowly added at 0°C. The solution was warmed to 140°C, then stirred for 6 h. The reaction mixture was cooled to room temperature and poured slowly into iced H2O. The mixture was extracted with AcOEt. The organic layer was washed with brine, dried over Na2SO4 and evaporated to dryness.
The resulting residue was washed with CH2Cl2 to afford compound 7 (6.32 g, 21.3 mmol, 72% yield) as a colorless solid. 8, 132.1, 132.2, 137.8, 138.4, 143.8, 165.0; 298.8604, Found, .
Synthesis of 4-bromo-3-mercaptobenzoic acid (8)
To a solution of compound 7 (5.00 g, 16.7 mmol) in AcOH (50 mL), SnCl2·2H2O (22.5 g, 100 mmol) in 10 N HCl aq. (25 mL) was added. The resulting mixture was stirred at 80°C for 1.5 h, then cooled to room temperature. The product was collected by filtration, washed with H2O and dried in vacuo, affording compound 8 (3.50 g, 15.1 mmol, 90% yield) as a yellowish solid. 
Synthesis of 4-bromo-3-(tetrahydropyran-2-ylthio)benzoic acid (9)
To a solution of compound 8 (3.00 g, 12.9 mmol) and 3,4-dihydro-2H-pyran (2.17 g, 2.3 mL, 25.9 mmol) in THF (50 mL), boron trifluoride-ethyl ether complex (1.84 g, 1.6 mL, 12.9 S9 mmol) was slowly added at 0°C. The mixture was warmed to room temperature, then stirred for 12 h, and sat. NaHCO3 aq. (30 mL) was added to it. This mixture was extracted with AcOEt.
The aqueous layer was acidified with 2 N HCl aq. and then extracted with AcOEt. The combined organic layer was washed with brine, dried over Na2SO4 and evaporated to dryness.
The resulting residue was roughly purified by column chromatography (silica gel, 1:1 to 1:4 hexane/AcOEt). The residue was recrystallized from CH2Cl2/hexane to afford the pure compound 9 (3.23 g, 10.3 mmol, 79% yield) as a colorless solid. 2, 25.4, 31.1, 64.1, 83.7, 128.2, 129.1, 129.8, 130.9, 133.0, 138.7, 171. 
Synthesis of tert-butyl 4-bromo-3-(tetrahydropyran-2-ylthio)benzoate (10)
To a solution of compound 9 (2.50 g, 7.94 mmol) in THF (80 mL), 4-dimethylaminopyridine (194 mg, 1.59 mmol) and di-tert-butyl dicarbonate (3.46 g, 3.7 mL, 15.9 mmol) were added. The mixture was warmed to 80°C, then stirred for 7 h. The reaction mixture was cooled to room temperature and H2O was added to it. Stirring was continued for 30 min, and then the mixture was extracted with CH2Cl2. The organic layer was washed with sat. NaHCO3 aq., sat. NH4Cl aq. and brine, dried over Na2SO4 and evaporated to dryness. The resulting residue was purified by column chromatography (silica gel, 1:1 to 2:3 hexane/CH2Cl2) to afford compound 10 (1.30 g, 3.49 mmol, 44% yield) as a colorless oil. 25.3, 28.1, 31.1, 64.7, 81.4, 83.8, 127.7, 128.3, 130.6, 131.7, 132.5, 137.9, 164.7 
Synthesis of compound 11
To a flame-dried flask flushed with argon, compound 10 (660 mg, 1.78 mmol) and anhydrous THF (20 mL) were added. The solution was cooled to −78°C, and 1 M sec-BuLi (1.60 mL, 1.60 mmol) was slowly added. The mixture was stirred at −78°C for 20 min, and a solution of compound 6 (60 mg, 0.178 mmol) in anhydrous THF (10 mL) was slowly added.
The mixture was warmed to 70°C, and stirred for 3 h. It was cooled to room temperature and then 2 N HCl aq. (20 mL) was added to it. Stirring was continued for 20 min, and then the mixture was extracted with CH2Cl2. The organic layer was washed with brine, dried over Na2SO4 and evaporated to dryness. The resulting residue was partially purified by column chromatography (silica gel, 0% to 10% MeOH/CH2Cl2). The partially purified compound and triethylsilane (100 L) were dissolved in trifluoroacetic acid (TFA) (5.0 mL) and the solution was stirred for 4 h. The mixture was evaporated to dryness. The resulting residue was purified by HPLC (eluent, a 20-min linear gradient, from 50% to 100% eluent B; flow rate, 5.0 ml/min; eluent A (H2O containing 0.1% TFA) and eluent B (CH3CN with 20% H2O containing 0.1% TFA)) to afford compound 11 (52.9 mg, 90.0 mol, 51% yield) as a red solid. 1 H NMR (300 MHz, CD3OD): δ1.22 (12H, t, J = 7.1 Hz), 3.61 (8H, q, J = 7.1 Hz), 6.91 (2H, d, J = 2.2 Hz), 7.00 (2H, dd, J = 9.5, 2.2 Hz), 7.09 (2H, d, J = 9.5 Hz), 7.32 (1H, d, J = 8.1 Hz), 7.93 (1H, dd, J = 8.1, 1.5 Hz), 8.19 (1H, d, J = 1.5 Hz); 13 C NMR (75 MHz, CD3OD): δ 12. 8, 47.0, 97.6, 114.1, 115.9, 127.7, 131.4, 132.4, 132.6, 134.3, 134.6, 136.4, 155.9, 157.4, 159.6, 168 
Synthesis of compound 12
S11
To a solution of S-methyl methanethiosulfonate (140 mg, 0.10 mL, 1.11 mmol) in methanol (2.0 mL), compound 11 (52.9 mg, 90.0 mol) in methanol (3 mL) was slowly added.
The mixture was stirred at room temperature for 15 min and then evaporated to dryness. The resulting residue was purified by HPLC (eluent, a 20-min linear gradient, from 50% to 100% eluent B; flow rate, 5.0 ml/min; eluent A (H2O containing 0.1% TFA) and eluent B (CH3CN with 20% H2O containing 0.1% TFA)) to afford compound 12 (23.7 mg, 45.5 mol, 51% yield) as a red solid. 8, 23.2, 47.0, 97.6, 114.4, 115.9, 129.4, 130.1, 131.6, 132.4, 134.8, 136.9, 138.7, 155.1, 157.5, 159.4, 168.3 521.1933 521. , Found, 521.1890 .
Synthesis of compound 13
To a solution of compound 12 (11.9 mg, 22.7 mol) in anhydrous DMF (4.0 mL), 
Synthesis of SSip-1 (14)
To a solution of compound 13 (3.0 mg, 3.08 mol) in CH3CN (1.0 mL) and H2O (1.0 mL), 8, 20.9, 23.3, 32.3, 47.0, 50.2, 83.3, 97.6, 111.7, 114.5, 115.9, 117.2, 119.4, 125.2, 125.5, 127.2, 127.7, 128.7, 130.0, 131.5, 132.4, 135.8, 136.0, 138.6, 138.7, 138.7, 152.8, 154.1, 155.3, 156.5, 157.5, 159.4, 167.6, 168.2, 170.0, 170.5 
Synthesis of 2-(bromophenyl-2-thioyl)tetrahydro-2H-pyran (16)
To a solution of 2-bromobenzenethiol (1.00 g, 0.62 mL, 5.29 mmol) and
3,4-dihydro-2H-pyran (890 mg, 0.96 mL, 10.6 mmol) in THF (15 mL), boron trifluoride-ethyl ether complex (750 mg, 0.67 mL, 5.29 mmol) was slowly added at 0°C. The mixture was warmed to room temperature, then stirred for 5 h, and sat. NaHCO3 aq. (15 mL) was added to it.
The mixture was extracted with AcOEt. The organic layer was washed with brine, dried over Na2SO4 and evaporated to dryness. The resulting residue was purified by column S15 chromatography (silica gel, 1:0 to 1:1 hexane/CH2Cl2) to afford compound 16 (1.16 g, 4.25 mmol, 80% yield) as a colorless oil. 8, 19.6, 46.7, 97.4, 114.7, 115.7, 127.3, 130.1, S17 131.2, 131.8, 132.7, 133.2, 137.3, 157.3, 159.1, 159.5 
Synthesis of 1-bromo-2-methoxymethoxybenzene (19)
This compound was synthesized according to reference S5.
Synthesis of 2-OH RB (20)
To a flame-dried flask flushed with argon, compound 19 (193 mg, 0.89 mmol) and
anhydrous THF (10 mL) were added. The solution was cooled to −78°C, and 1 M sec-BuLi (0.80 mL, 0.80 mmol) was slowly added. The mixture was stirred at −78°C for 20 min, and a solution of compound 6 (30 mg, 0.089 mmol) in anhydrous THF (5 mL) was slowly added.
Stirring was continued at room temperature for 2 h, and then 2 N HCl aq. (20 mL) was added.
The mixture was extracted with CH2Cl2. The organic layer was washed with brine, dried over Na2SO4 and evaporated to dryness. The resulting residue was purified by HPLC (eluent, a 15-min linear gradient, from 25% to 100% eluent B; flow rate, 5.0 ml/min; eluent A (H2O containing 0.1% TFA) and eluent B (CH3CN with 20% H2O containing 0.1% TFA)) to afford compound 20 (20.0 mg, 48.1 mol, 54% yield) as a red solid. 1 H NMR (300 MHz, CD3OD): δ1.28 (12H, t, J = 7.1 Hz), 3.63 (8H, q, J = 7.1 Hz), 6.91 (2H, d, J = 2.2 Hz), 7.02 (2H, dd, J = 9.5, 2.2 Hz), 7.09 (2H, m), 7.19 (1H, dd, J = 7.7, 1.5 Hz), 7.37 S18 (2H, d, J = 9.5 Hz), 7.48 (1H, td, J = 7.7, 1.5 Hz); 13 C NMR (75 MHz, CD3OD): δ 12. 8, 46.7, 97.1, 115.0, 115.2, 117.3, 120.4, 120.7, 131.8, 132.9, 133.3, 156.1, 157.1, 157.8, 159.5 8, 16.0, 46.8, 97.4, 114.7, 115.5, 126.4, 127.8, 130.6, 131.9, 132.7, 135.6, 139.4, 157.3, 157.6, 159.5 Figure S1 . Absorption spectra of 1 μM 2-Me RB, 2-OH RB and 2-SMe RB measured in 100 mM sodium phosphate buffer (pH 7.4) with 100 M GSH before (blue) and after (red) addition of 50 µM Na2S4, containing 0.1% DMSO and 1 mg/mL BSA as a cosolvent. None of the compounds showed a change of absorption spectrum after addition of Na2S4. Figure S2 . Absorption spectra of 1 μM 2-thio RB measured in 100 mM sodium phosphate buffer (pH 7.4) in the presence (left) and in the absence (right) of 5 mM GSH after addition of 50 µM Na2S4, containing 0.1% DMSO and 1 mg/mL BSA as a cosolvent. The absorbance of 2-thio RB in the presence of 5 mM GSH was strongly decreased 1 min after addition of 50 µM Na2S4 (black to red), and then subsequently recovered slowly (red (1 min after addition of 50 µM Na2S4) to yellow (5 min after addition of 50 µM Na2S4) to blue (60 min after addition of 50 µM Na2S4)). 
S20
The absorption of 2-thiol RB recovered to only half of the original level in the presence of 5 mM GSH, while SSip-1 showed 80 to 90% recovery. We consider that two factors may contribute to this difference of the recovery rate, i.e., hydrophilicity and stability of the spirocyclized form.
i) Since the spirocyclized form of 2-thio RB is thought to be highly hydrophobic, some of the compound may be precipitated. On the other hand, SSip-1 has a fluorescein moiety, which is relatively highly water-soluble.
ii) We also think that the spirocyclized form of SSip-1 is less stable than that of 2-thio RB, because the absorbance decrease of SSip-1 was less than that of 2-thio RB upon addition of 50 μM Na2S4. Figure S3 . Fluorescence spectra of SSip-1 (1 μM) upon addition of various concentrations of Na2S4 (0, 2.5, 5, 7.5, 10, 12.5, 15, 17.5, 20 μM) in the presence of 5 mM GSH, measured in 100 mM sodium phosphate buffer (pH 7.4) containing 0.1% DMSO as a cosolvent and 1 mg/mL BSA. Spectra were measured 1 min after addition of Na2S4. 
